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antibiotic activities or mineral corticoid receptor antagonist effect 15 . Faigl et al. 16 reported the combined application or regioselective brominations and organometallic reactions to prepare several multisubstituted derivates of phenylpyrroles. Santos and Silva 17 reported a calorimetric and computational study of the thermochemistry of halogenated 1-phenylpyrrole derivatives. In the present study the FT-IR, FT-Raman and theoretical calculations of the wavenumbers of the title compound are reported.
EXPERIMENTAL
The FT-IR spectrum was recorded using a DR/Jasco FT-IR 6300 spectrometer. The spectral resolution was 2 cm -1 . The FT-Raman spectrum was obtained on a Bruker RFS 100/s, Germany. For excitation of the spectrum the emission of Nd:YAG laser was used, excitation wavelength 1064 nm, maximal power 150 mW.
Computational details
Calculations of the title compound were carried out with Gaussian09 software program 18 using the HF/6-31G* and B3LYP/6-31G* basis sets to predict the molecular structure and vibrational wavenumbers. The DFT hybrid B3LYP functional method tends to overestimate the fundamental modes; therefore scaling factors have to be used for obtaining a considerably better agreement with experimental data 19. The wavenumber values computed contain known systematic errors and we therefore, have used the scaling factor values of 0.8929 and 0.9613 for HF and DFT basis sets 19. The assignment of the calculated wavenumbers is aided by the animation option of Gaussview program, which gives a visual presentation of the vibrational modes 20 .
RESULTS AND DISCUSSION

IR and Raman spectra
The observed IR, Raman bands and assignments are given in table 1. Phenyl CH stretching modes 21 are expected above 3000 cm -1 and for the title compound, the bands observed at 3146, 3109 cm -1 in the Raman spectrum are assigned as CH stretching modes of the phenyl ring. The DFT calculations give these modes at 3188, 3181, 3157, 3144, 3108 cm -1 . The benzene ring possesses six ring stretching vibrations, of which the four with the highest wavenumbers (occurring near 1600, 1580, 1490 and 1440 cm -1 ) are good group vibrations. With heavy substituents, the bands tend to shift to somewhat lower wavenumbers. In the absence of ring conjugation, the band at 1580 cm -1 is usually weaker than that at 1600 cm -1 . In the case of C=O substitution, the band near 1490 cm -1 can be very weak. The fifth ring stretching vibration is active near 1315 ± 65 cm -1 , a region that overlaps strongly with that of the CH in-plane deformation. The sixth ring stretching vibration, or the ring breathing mode, appears as a weak band near 1000 cm -1 , in mono-, 1,3-di-and 1,3,5-trisubstituted benzenes. In the otherwise substituted benzenes, however, this vibration is substituent sensitive and difficult to distinguish from the ring in-plane deformation [21] [22] [23] Ph-phenyl ring; Ring-pyrrole ring; υ-stretching; δ-in-plane deformation; γ-out-of-plane deformation; t-torsion.
First hyperpolarizability
Non-linear optics deals with the interaction of applied electromagnetic fields in various materials to generate new electromagnetic fields, altered in wavenumber, phase or other physical properties 27 . Many organic molecules, containing conjugated ð electrons and characterized by large values of molecular first hyperpolarizabilities, were analyzed by means of vibrational spectroscopy [28] [29] . Analysis of organic molecules having conjugated ð-electron systems and large hyperpolarizability using infrared and Raman spectroscopies has evolved as a subject of research 30 . First hyperpolarizability is a third rank tensor that can be described by a 3 × 3 × 3 matrix. The 27 components of the 3D matrix can be reduced to 10 components due to the Kleinman symmetry
31
. The calculated first hyperpolarizability of the title compound is 4.98 10 -30 esu.. We conclude that the title compound is an attractive object for future studies of non linear optical properties.
In order to investigate the performance of vibrational wavenumbers of the title compound, the root mean square (RMS) value between the calculated and observed wavenumbers were calculated. The RMS values of wavenumbers were calculated using the following expression 30. The RMS error of the observed IR and Raman bands are found to 31.68, 37.60 for HF and 11.37, 6.37 for DFT methods, respectively. The small differences between experimental and calculated vibrational modes are observed. This is due to the fact that experimental results belong to solid phase and theoretical calculations belong to gaseous phase.
Frontier molecular orbitals
The analysis of the wavefunction indicates that the electron absorption corresponds to a transition from the ground to the first excited state and is mainly described by one electron excitation from the HOMO to LUMO. Both the HOMO and the LUMO are the main orbital taking part in chemical reaction. The HOMO energy characterizes the capability of electron giving; LUMO characterizes the capability of electron accepting 33 . The frontier orbital gap helps to characterize the chemical reactivity, optical polarizability and chemical hardness-softness of a molecule 34 . Surfaces for the frontier orbitals were drawn to understand the bonding scheme of the title compound. The calculated HOMO and LUMO energies are -8.773 and -54.566 eV. The chemical hardness and softness of a molecule is a good indication of the chemical stability of the molecule. From the HOMO-LUMO energy gap, one can find whether the molecule is hard of soft. The molecules having large energy gap are known as hard and molecules having a small energy gap are known as soft molecules. The soft molecules are more polarizable than the hard ones because they need small energy to excitation. The hardness value of a molecule 31 can be determined as η = (-HOMO+LUMO)/2. The value of η of the title molecule is 2.104 eV. Hence we conclude that the title compound belongs to hard material.
CONCLUSION
The IR and Raman spectra of the title compound have been recorded and analyzed. The harmonic vibrational wavenumbers were calculated theoretically using Gaussian09 software package. Calculations were performed by HF and DFT levels using the standard 6-31G* basis sets. The calculated wavenumbers (DFT) agree well with the observed wavenumbers. The data obtained from vibrational wavenumber calculations are used to assign vibrational bands found in the IR and Raman spectra of the title compound. The predicted infrared intensities, Raman activities and first hyperpolarizability are reported.
